Abstract -In the presence of Pd(0) catalyst and triethylborane, 3-hydroxy-4-pentenoic acids undergo C-C bond cleavage reactions via oxapalladacyclopentanones to provide conjugated dienes with evolution of carbon dioxide.
utility for efficient chemical transformations. 3 We have previously developed a smooth transformation of vinyl cyclic carbonates into the corresponding -dienyl aldehydes by decarboxylative fragmentation through a key oxapalladacyclopentane intermediate, triggered by oxidative addition of a Pd(0) catalyst to the allylic C-O bond (Scheme 1). 4 Furthermore, 4-pentene-1,3-diols of a wide structural variety, which can be prepared in a straightforward manner from mono-or bicyclic ketones with ,-unsaturated aldehydes, also underwent the dehydrative -carbon elimination of oxapalladacycles promoted by Ph 3 B and Pd(0) catalyst. 5 This procedure is superior to the cyclic carbonate method, not simply because we can save one step (carbonation), but because we can utilize a wide variety of stereoisomers of diols that cannot form carbonates as single isomers due to steric reasons.
Herein, we report that Et 3 B nicely activates 3-hydroxy-4-pentenoic acids which are prepared from esters or lactones with ,-unsaturated aldehydes to undergo the decarboxylative -carbon elimination via an oxapalladacyclopentane to afford a conjugated diene (Scheme 2). While it has been reported that 3-acetoxy-4-pentenoic acid underwent a similar decarboxylative C-C bond cleavage reaction promoted by Pd catalyst in the presence of triethylamine, 6 the present study is more convenient for the stereodefined construction of conjugated dienes from readily available starting materials as mixtures of diastereomeric isomers. 7 Furthermore, the Pd-catalyst/Et 3 B system is also superior for the direct generation of -allylpalladium species from allyl alcohols.
The reaction was undertaken with great ease just by exposing the 3-hydroxy-4-pentenoic acids to a mixture of Pd(PPh 3 ) 4 catalyst and Et 3 B in THF under nitrogen atmosphere. Among these investigations with excess amount of Et 3 B, the reaction required 3.6 equivalents of Et 3 B at 67 ˚C to consume the substrate completely. 8 Table 1 summarizes the results obtained for a wide structural variety of 3-hydroxy-4-pentenoic acids under optimized conditions. 9 A mixture of syn-1a and anti-1a in a 3:1 ratio, which was prepared from cinnamaldehyde and methyl 3-phenylpropionate, clearly undergoes -decarboxylative C-C bond cleavage to provide (E, E)-pentadiene 2a with high stereoselectivity in excellent yield (run 1). A methyl group substituted allylic alcohol 1b afforded (2E, 4E), (2E, 4Z), and (2Z, 4E)-1-phenyl-2,4-hexadiene 2b in a 5:1:1 ratio (run 2). -Methallyl alcohol shows exclusive E-stereoselectivity to give (E)-2c as the sole product owing to the bulky steric repulsion between the benzyl group and the methyl substituent on the allylic moiety (run 3). ,-Dimethyl substituted allylic alcohol 1d displays moderate yield with three isomers of (2E, 4E), (2E, 4Z), and (2Z, 4E)-2d in a 26:7:1 ratio (run 4).
3-Hydroxy-4-pentenoic acids possessing
o-hydroxyphenyl groups participate in similar C-C bond cleavage reactions in 48-64% yields (runs 5 and 6). The lower yields stem from competing partial lactonization, which leads to the original dihydrocoumarin skeletons. 10 -Hydroxycarboxylic acids 1g and 1h, which were prepared from 7-membered ring lactones with acrolein, provided the desired dienyl alcohols 2g and 2h in excellent to quantitative yields (runs 7 and 8).
The stereochemical outcome of the dienyl moiety may be rationalized according to the proposed reaction mechanism shown in Scheme 3. We postulate that syn-oxapalladacyclopentanone-I is generated by oxidative addition of the Pd (0) As a result of the formation of (2E, 4E)-2b as a major product along with (2E, 4Z) and (2Z, 4E)-2b from a mixture of syn-(E)-1b and anti-(E)-1b (runs 2, Table 1 ), a plausible mechanism for the C-C bond cleavage reaction of 2,5-disubstituted-3-hydroxy-4-pentenoic acids 1 might be illustrated in Scheme 4.
Scheme 4. C-C Bond Cleavage of 2,5-Disubstituted-3-hydroxy-4-pentenoic Acids In summary, we have shown that a combination of Pd(0) catalyst and Et 3 B effectively activates 3-hydroxy-4-pentenoic acid to undergo -decarboxylative C-C bond cleavage reaction via -vinyloxapalladacyclopentanone to form a conjugated diene with high stereoselectivity. The present methodology would be utilized for the convenient and stereodefined construction of conjugated dienes from readily available esters and ,-unsaturated aldehydes with great operational ease.
